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INSERT FOR DRILL

CROSS-REFERENCE 1O THE RELAT.
APPLICATIONS

s
.

This application 1s a national stage of international appli-

cation No. PCT/JP2008/069240, filed on Oct. 23, 2008, and
claims the priority under 35 USC 119 to Japanese Patent
Application No. 2007-339661, filed on Dec. 28, 2007, the

entire contents ol which are incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a drill insert having excel-
lent chip discharge performance.

BACKGROUND ART

As a dnll for drilling holes, there are for example those 1n
which an inner insert and an outer insert are detachably
attached to the tip end of a holder so that their respective
rotation loci are partially overlapped with each other. Among
others, those 1n which the inner insert and the outer insert have
the same shape are frequently used. That 1s, the drill in which
one type of dnll insert (hereinaiter referred to as “insert” 1n
some cases) 1s detachably attached to each of the inner side
and the outer side at the tip end of the holder 1s frequently
used.

The 1nserts used for this drll include an inner cutting edge
and an outer cutting edge. The inner cutting edge 1s the cutting
edge for mainly cutting (machining) an inner portion of a
bottom face of a hole when it 1s used as the 1nner insert. The
outer cutting edge 1s the cutting edge for mainly cutting an
outer portion of a bottom face of a hole when it 1s used as the
outer 1nsert.

For example, the insert described 1n Japanese Unexamined
Patent Application Publication No. 10-180521 has the inner
cutting edge and the outer cutting edge adjacent to each other
which are formed at the intersection portion between the
upper face and the side face. Breaker grooves for treating
chips are formed along both cutting edges 1n the upper face.

One of these 1nserts and the other are respectively attached
as the inner 1insert and the outer insert to isert pockets formed
at the tip end portions of a substantially columnar holder. The
hole drilling of a work material 1s carried out with both cutting
edges by rotating the holder around the axis of the holder. The
chips generated during the hole drilling are treated through
the breaker grooves of the inserts. These breaker grooves are
formed 1n substantially the same shape over the entire periph-
ery of the inserts.

However, the rotational speed of the inner cutting edge and
the outer cutting edge differ 1n rotational speed. Therefore,
the chip shape generated by the mnner cutting edge and the
chip shape generated by the outer cutting edge usually differ
widely from each other. That 1s, the chips generated by the
inner cutting edge have a spiral three-dimensionally compli-
cated shape. The chips generated by the outer cutting edge
have a spring-like curled shape.

Particularly, when machining a work maternial having
excellent ductility, such as stamnless steels or low carbon
steels, the chips generated by the outer cutting edge under
high rotational speed are unsusceptible to curling, so that they
are likely to extend without being cut and likely to cling to the
holder during the machining. There has been the problem that
these chips cannot be smoothly discharged through the
breaker grooves.
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For example, the insert described 1in Japanese Unexamined
Patent Application Publication No. 2001-252809 includes an
mner cutting edge, an outer cutting edge, a recess shape
breaker groove formed along the outer cutting edge, and a
raised part formed along the breaker groove. The raised part 1s
located at a higher position than the upper face located along
iner cutting edge.

According to this insert, the chips generated by the outer
cutting edge under high speed rotation can be curled and cut
by the breaker grooves and the raised part, thus achieving
improvement of chip discharge performance. It 1s hence con-
sidered that i order to machine the work material having
excellent ductility, the chips generated by the outer cutting
edge may be further curled and the height of the raised part
may be turther increased theretor.

However, there has been the problem that merely increas-
ing the height of the raised part increases the level difference
between the raised part and the upper face along the inner
cutting edge, thereby making 1t easy for the chips to accumus-
late at the level difference portion. Particularly, there has been
a noticeable problem that the chips having a three-dimension-
ally complicated shape generated by the mner cutting edge
accumulate at the level difference portion of the inner cutting
edge located at the outer periphery side of the mner cutting
edge which corresponds to a discharge direction in which the
chips generated by the mner cutting edge are discharged
outside of the holder.

That 1s, there has been the problem that a further increase 1n
the height of the raised part for improving the discharge
performance of the chips generated by the outer cutting edge
contributes to improving the discharge performance of the
chips generated by the outer cutting edge, while deteriorating
the discharge performance of the chips having the three-
dimensionally complicated shape generated by the inner cut-
ting edge.

DISCLOSURE OF THE INVENTION

An aspect of the present invention 1s to provide a drill insert
having excellent chip discharge performance.

A dnll msert according to an embodiment of the present
invention comprises a corner part, and an upper face having a
first side and a second side disposed on both sides of the
corner part, respectively. The drill msert comprises a {first
cutting edge formed along the first side; a second cutting edge
formed along the second side; a first region of the upper face
located along the first cutting edge; a second region of the
upper face located along the second cutting edge; and a first
raised part disposed in the first region and 1s configured to lie
at a higher position than the second region. The first raised
part has an upper portion; a breaker portion configured to be
inclined so as to lie at a lower position as the first raised part
extends from the upper portion toward the first cutting edge;
and a side portion configured to be mclined so as to lie at a
lower position as the first raised part extends from the upper
portion toward the second region. The first raised part 1s
disposed at a position closer to the first cutting edge than a
bisector of the corner part when viewed from above.

A dnll according to an embodiment of the present mnven-
tion comprises: a holder comprising a first insert pocket
formed at an outer periphery side of a tip end portion thereof,
and a second 1nsert pocket formed at a central axis side of the
tip end portion thereof; and a pair of the drill inserts. One of
the pair of the drill inserts 1s attached to the first insert pocket
so that at least a part of the first cutting edge protrudes from
the tip end of the holder. The other 1s attached to the second
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insert pocket so that at least a part of the second cutting edge
protrudes from the tip end of the holder.

A method of cutting a work material according to an
embodiment of the present invention includes the following
steps (1) to (1v):

(1) the step of rotating either one of the dnll and a work
material;

(11) the step of bringing the first cutting edge and the second
cutting edge of the drll closer to the work matenal;

(111) the step of cutting the work material by bringing the
first cutting edge and the second cutting edge of the drill into
contact with the surface of the work material; and

(1v) the step of separating the first cutting edge and the
second cutting edge from the work material.

According to the dnll insert, the drill, and the cutting
method, 1t 1s capable of suitably curling and cutting the chips
generated by the first cutting edge (the outer cutting edge). It
1s also capable of ensuring a wide discharge space o the chips
generated by the second cutting edge (the mnner cutting edge).
Consequently, the chips generated by any one of the first
cutting edge and the second cutting edge can be smoothly
discharged.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plan view showing a drill insert according to a
first embodiment of the present invention;

FI1G. 2(a) 1s a side view when the drll insert shown 1n FIG.
1 1s viewed from the side indicated by the arrow A; FI1G. 2(b)
1s a side view when the drill insert shown 1n FIG. 1 1s viewed
from the side indicated by the arrow B;

FIG. 3(a) 1s an enlarged view showing the cross section
taken along the line I-11n FI1G. 1; FIG. 3(5) 1s an enlarged view
showing the cross section taken along the line II-1I in FIG. 1;

FI1G. 4 1s a partially enlarged plan view showing the vicin-
ity of a first raised part of the drll imnsert shown 1n FIG. 1;

FIGS. 5(a) to 5(d) are schematic explanatory drawings
showing an inclination angle 1 a side portion of the drll
insert shown in FIG. 1;

FIG. 6(a) 1s a plan view showing a drill insert according to
a second embodiment of the present invention; FIG. 6(b)1s a
side view when the drill insert shown in FIG. 6(a) 1s viewed
from the side indicated by the arrow D;

FI1G. 7(a) 1s a schematic plan view showing a drill insert
according to a third embodiment of the present invention;
FIG. 7(b) 1s an enlarged view showing the cross section taken
along the line in FIG. 7(a);

FIG. 8 1s a plan view showing a drill according to a first
embodiment of the present invention;

FI1G. 9 1s a schematic front view showing the drill shown in
FIG. 8;

FIG. 10 1s a schematic explanatory drawing showing a cut
state by the drill shown 1n FIG. 8;

FIG. 11 1s a partially enlarged side view when the vicinity
of the tip end of a drill according to a second embodiment of
the present invention 1s viewed from a {irst isert pocket;

FIGS. 12(a) and 12(b) are schematic explanatory drawings
showing a state in which an inner insert 1s attached to a second
insert pocket, and a state 1n which an outer 1nsert 1s attached
to a first insert pocket 1n the drill shown 1n FIG. 11, respec-
tively; and

FIGS. 13(a) to 13(¢) are schematic explanatory drawings
showing a method of cutting a work material according to an
embodiment of the present invention.
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4
PREFERRED EMBODIMENTS FOR CARRYING
OUT THE INVENTION
Drill Insert

First Embodiment

A first embodiment of the drill mnsert according to the
present invention 1s described below 1n detail with reference
to FIG. 1 to FIG. 5(d). As shown 1 FIG. 1, an msert 1
according to the present embodiment has a substantially
polygonal plate shape when viewed from above. The insert 1
1s constructed from one 1n which a film 1s coated onto a
sintered body such as cemented carbide, cermet, ceramics, or
the like. The film 1s for improving the wear resistance of the
insert 1. As the composition thereolf, there are for example
titanium based compounds such as titanium carbide, titantum
nitride, and titanium carbon nitride, alumina, or the like. The
film may be made of at least one layer or alternately, a plu-
rality of layers. The msert 1 1s not limited to these film-coated
ones, and those constructed from the sintered body without a
f1lm coated thereon may be used.

The msert 1 includes an upper face 2. A through hole 50 1s
formed at a mid-portion of the upper face 2. The through hole
50 penetrates through a lower face 4 of the mnsert 1 shown 1n
FIGS. 2(a) and 2(b), and 1s used for fixing the mnsert 1 to an
insert pocket of a holder. The 1nsert 1 has a 180-degree rota-
tionally symmetric shape with respect to the central axis of
the through hole 50. It 1s therefore economical because when
one cutting edge 1n use 1s worn, the other cutting edge not yet
used can be used by rotating the 1nsert 1 180 degrees.

The insert 1 includes a corner part 5. The upper face 2 has
a first side 10 and a second side 20 disposed on both sides of
the corner part 3, respectively. Both of the first side 10 and the
second side 20 are located at a ridge part of the upper face 2
and are continuous with the corner part 3. In these first side 10
and second side 20, a first cutting edge 11 (an outer cutting
edge) and, a second cutting edge 21 (an inner cutting edge) are
tformed along the first side 10 and the second side 20, respec-
tively.

In these first and second cutting edges 11 and 21, the
second cutting edge 21 1s formed at an intersection portion
between the upper face 2 and a side face 3 constituting a flank
face of the insert 1, as shown 1n FIG. 2(a). The second cutting
edge 21 1s used mainly for cutting (machiming) an i1nner
portion of a bottom face of a hole when used as the inner
insert.

A second region 22 of the upper face 2 located along the
second cutting edge 21 is located at a lower position than the
second cutting edge 21 1n a thickness direction as shown 1n
FIG. 3(a). As used herein, the lower position 1n the thickness
direction means the positional relationship 1n a direction sub-
stantially vertical to a flat surface when the lower face 4 1s
placed on the flat surface. Hereinafter, the descriptions “low
position in the thickness direction” and “high position 1n the
thickness direction™ are defined similarly thereto. A land 6
and a rake face 7 are formed 1n the second region 22 in this
order from the second cutting edge 21.

The land 6 1s formed along the second cutting edge 21 and
adapted to improve the cutting edge strength thereby to
reduce the cutting edge chipping. The land 6 has a predeter-
mined width, and the width thereof 1s usually approximately
0.05 to 0.15 mm depending on the work material and cutting
conditions.

The rake face 7 1s the face along which the generated chips
graze, and 1s inclined downward at a predetermined rake
angle a1 to the second cutting edge 21. The rake angle al




US 8,979,443 B2

S

may be adjusted to an optional angle depending on the work
material. Although no particular limitation 1s 1mposed
thereon, it 1s usually approximately 5 to 25 degrees.

The rake angle ol can be obtained as an angle formed
between a virtual extension line L2 of the rake face 7 and a
line L3 parallel to the lower face 4 1n the cross section sub-
stantially vertical to the second cutting edge 21. In the case
where the rake face 7 1s constituted by a curved face, a virtual
line at the intersection between the rake face and the land 6 or

the second cutting edge 21 1s plotted 1n such a sectional view
as shown 1 FIG. 3(a), and an angle formed between the
virtual line and the line L3 parallel to the lower face 4 can be
obtained as a rake angle.

On the other hand, the first cutting edge 11 1s formed at the
intersection portion between the upper face 2 and the side face
3 as shown 1 FIG. 2(b). The first cutting edge 11 1s used
mainly for cutting the outer portion of a bottom face of a hole
when used as the outer insert.

The first cutting edge 11 has at 1ts one end a protrusion 15
protruding outward from the insert 1 when viewed from
above. This improves the bite of the first cutting edge 11 into
the work material, thereby reducing the cutting edge fracture.

The protrusion 13 has round ends 15q and 1556. The round
ends 154 and 156 mean those 1mn which an angle formed
between two straight lines being continuous with both sides
of a curved portion 1s near a right angle and within the range
of 60 to 160 degrees. The first cutting edge 11 1s not limited to
the construction having the protrusion 15.

As shown 1n FIG. 3(b), a first raised part 30 having a land
16, a rake face 17, a breaker portion 32 and an upper portion
31 disposed 1n this order from the first cutting edge 11 1s
formed 1n a first region 12 of the upper face 2 located along the
first cutting edge 11. The land 16 1s formed along the first
cutting edge 11, and the width thereotf 1s usually approxi-
mately 0.05 to 0.15 mm.

The rake face 17 1s inclined downward at a rake angle o.2
with respect to the first cutting edge 11. The breaker portion
32 1s formed at a predetermined rise angle [ from the rake face
17 toward the 1nside of the 1nsert 1 (toward the through hole
50). That 1s, the rake face 17 and the breaker portion 32 are
respectively formed in the shape of an inclined face so as to be
once lowered from the first cutting edge 11 and then raised
toward the inside of the 1nsert 1.

The rake angle ¢.2 and the rise angle 3 may be respectively
adjusted to an optional angle depending on the work material.
Although no particular limitation 1s imposed thereon, usually,
the rake angle a2 1s approximately 5 to 25 degrees, and the
rise angle 3 1s approximately 20 to 45 degrees.

Similarly to the rake angle a1, the rake angle a2 can be
obtained as an angle formed between a virtual extension line
L4 of the rake face 17 and the line L3 parallel to the lower face
4 1n the cross section substantially vertical to the first cutting
edge 11. The rise angle 5 can be obtained as an angle formed
between a virtual extension line LS of the breaker portion 32
and the line L3 parallel to the lower face 4 1n the cross section
substantially vertical to the first cutting edge 11. It the breaker
portion 32 1s constituted by a curved face, both can be
obtained similarly to the case where the rake face 1s consti-
tuted by the curved face.

The distance d1 between an end pl of the rake face 17
adjacent to the first cutting edge and an end p2 of the breaker
portion 32 adjacent to the upper portion is preferably approxi-
mately 1.2 to 2 mm. The distance d1 contributes to chip
curling action. As shown 1n FIG. 3(b), the distance d1 can be
measured as a dimension parallel to the lower face 4 in the
cross section substantially vertical to the first cutting edge 11.
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The end pl 1s located at the boundary portion between the
rake face 17 and the land 16. The end p2 1s located at the
boundary portion between the breaker portion 32 and the
upper portion 31. If the rake face 17 1s formed continuously to
the first cutting edge 11 without having the land 16, the end p1
1s located at the boundary portion between the rake face 17
and the first cutting edge 11.

The distance d2 from the first cutting edge 11 to the low-
ermost point of the rake face 17 and the breaker portion 32 1s
preferably approximately 0.03 to 0.15 mm. As shown 1 FIG.
3(b), the distance d2 can be measured as the maximum
dimension in a direction vertical to the lower face 4 1n the
cross section substantially vertical to the first cutting edge 11.

As shown 1n FIG. 2, the first raised part 30 1s disposed to lie
at a higher position than the second region 22. Specifically, as
shown 1n FIG. 3, the upper portion 31 of the first raised part 30
1s located at a higher position than the second region 22. The
upper portion 31 1s located at a higher position than the first
cutting edge 11 1n the thickness direction. The breaker portion
32 is inclined from the upper portion 31 so as to lie at a lower
position toward the first cutting edge 11. By having the first
raised part 30, the insert 1 can suitably curl and cut the chips
generated by the first cutting edge 11.

Hereat, to achieve the arrangement that the upper portion
31 1s located at the higher position than the first cutting edge
11 in the thickness direction, it 1s recommended that the upper
portion 31 be substantially located at a higher position than
the first cutting edge 11 1n the thickness direction. That 1s, a
part of the upper portion 31 which 1s adjacent to the breaker
portion 32 may be located at a higher position than the first
cutting edge 11 1n the thickness direction. Thereby, the rake
face 17 and the breaker portion 32 can stably curl the chips
generated by the first cutting edge 11.

The upper portion 31 1s preferably located at a position that
1s approximately 0.15 to 0.4 mm higher than the first cutting
edge 11 and approximately 0.2 to 0.5 mm higher than the
second region 22 1n the thickness direction, depending on the
work material and the cutting conditions.

The first raised part 30 has a side portion 33 inclined from
the upper portion 31 so as to lie at a lower position toward the
second region 22, as shown 1n FIG. 1. The side portion 33 1s
formed 1n the shape of an inclined face from the first region 12
toward the upper portion 31.

As shown 1n FIG. 4, the first raised part 30 1s disposed at a
position closer to the first cutting edge 11 than a bisector L1
of the corner part 5 when viewed from above. Specifically, the
side portion 33 of the first raised part 30 1s disposed at a
position closer to the first cutting edge 11 than the bisector LL1
when viewed from above. This ensures a wide discharge
space S of the chips generated by the second cutting edge 21.
Hence, the msert 1 can also smoothly discharge the chips
generated by the second cutting edge 21.

That 1s, owing to the first raised part 30 having the shape
described above, the insert 1 can smoothly discharge the chips
generated by any one of the first cutting edge 11 and the
second cutting edge 21. It 1s therefore capable of improving
machining accuracy according to the insert 1. Particularly, the
insert 1 can exhibit excellent chip discharge performance
during machining of the work material having excellent duc-
tility, such as stainless steels or low carbon steels. Hence, the
isert 1 1s the msert also having high availability. As used
herein, the bisector L1 of the corner part 5 means the bisector
of the angle formed between the first cutting edge 11 and the
second cutting edge 21.

The first raised part 30 1s formed to become further away
from the bisector L1 toward the center of the upper face 2
(toward the through hole 50) when viewed from above. Spe-
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cifically, the side portion 33 1s formed so that an angle v
formed between the second cutting edge 21 and the side

portion 33 becomes 85 to 95 degrees when viewed from
above. This increases the discharge space S of the chips
generated by the second cutting edge 21 having the three-
dimensionally complicated shape, thereby enhancing the
chip discharge performance. As shown 1n FIG. 4, the angle v
can be obtained as an angle formed between a virtual exten-
s10on line L6 obtained by extending the boundary line between
the first region 12 and the side portion 33 toward the second
cutting edge 21.

The inclination angle of the side portion 33 1s increased
toward the center of the upper face 2. Specifically, the side
portion 33 has a first face 33a, a second face 335, a third face
33¢ and a fourth face 334 in this order from the corner part 5.
These faces 33a to 33d have their respective inclination
angles as shown 1n FIGS. 5(a) to 5(d). That 1s, the first face
33a, second face 335, third face 33¢ and fourth face 334 have
inclination angles €1, €2, €3 and €4, respectively. These incli-
nation angles €l to €4 have the following relationship:
el<e2<e3<ed. This increases the volume of the first raised
part 30 and ensures the strength of the first raised part 30,
while ensuring the wide chip discharge space S.

Particularly, the inclination angle €1 of the first face 33a
nearmost the bisector L1 1s preferably 20 40 degrees, and the
inclination angle €4 of the face 334 nearmost the center of the
upper face 2 1s preferably 50 to 70 degrees. Within these
inclination angles, the inclination angle of the side portion 33
1s preferably increased toward the center of the upper face 2.
As used herein, the inclination angle 1s the inclination angle
of the side portion 33 to the lower face 4. More specifically,
these inclination angles €l to €4 can be obtained as angles
tformed between the individual faces 33a to 334 and the line
.3 parallel to the lower face 4 in the cross section substan-
tially vertical to the individual faces 33a to 334, respectively.

On the other hand, as shown 1n FIG. 4, the upper portion 31
1s constituted by an inclined face which 1s inclined to lie at a
lower position toward the direction indicated by the arrow C
in the thickness direction. This decreases the level difference
between the first raised part 30 and the second region 22, thus
enhancing the chip discharge performance of both the first
cutting edge 11 and the second cutting edge 21.

Second Embodiment

The sert according to a second embodiment i1s described
below 1n details with reference to FIG. 6. In FIG. 6, similar

reference numerals are used to denote the components similar
to those 1n FIGS. 1 to 5(d) described above, and the descrip-

tions thereof are omitted.

As shown 1n FIGS. 6(a) and 6(b), in the insert 41 according
to the present embodiment, an upper portion 43 of a first
raised part 42 1s comprised of an inclined face which 1s
inclined to lie at a lower position 1 a thickness direction
toward the center of an upper face 2, namely, 1n the direction
indicated by the arrow E. This ensures a wide chip discharge
space S, while maintaining the height of the first raised part
42. It 1s therefore capable of enhancing the chip discharge
performances of both a first cutting edge 11 and a second
cutting edge 21.

The direction indicated by the arrow E 1s the direction
substantially vertical to the first cutting edge 11. The direction
indicated by the arrow D 1n FI1G. 6(a) 1s the direction substan-
tially parallel to the first cutting edge 11. In the case of having,
a protrusion 15 as 1n the present embodiment, the direction
substantially vertical to the first cutting edge 11 means the
direction substantially vertical to a virtual line connecting
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both ends of the first cutting edge 11. Similarly, the direction
substantially parallel to the first cutting edge 11 means the
direction substantially parallel to the virtual line connecting
both ends of the first cutting edge 11. Other constructions are
similar to those 1n the 1nsert 1 according to the first embodi-
ment.

Third Embodiment

In the insert according to a third embodiment, an upper face
2 has a predetermined second raised part 1n addition to a first
raised part 30. The insert according to the present embodi-
ment 1s described below 1n details with reference to FIGS.

7(a) and 7(b). In FIGS. 7(a) and 7(b), similar reference

numerals are used to denote the components similar to those
in FIGS. 1 to 6(d) described above, and the descriptions
thereol are omitted.

As shown in FIG. 7(a), the sert 45 according to the
present embodiment includes the second raised part 46 1n a
second region 22. The second raised part 46 1s disposed to lie
at a lower position than the first raised part 30. Specifically, an
upper portion 47 of the second raised part 46 1s located at a

lower position than an upper portion 31 of the first raised part
30. As shown 1n FIG. 7(b), the second raised part 46 has the
upper portion 47, and a breaker portion 48 inclined from the
upper portion 47 so as to lie at a lower position toward a
second cutting edge 21. The insert 45 including the second
raised part 46 can stably perform chip treatment during high
speed machining.

The upper portion 47 of the second raised part 46 1s com-
prised of an inclined face which 1s inclined to lie at a higher
position toward a first cutting edge 11 1n the thickness direc-
tion, namely, in the direction indicated by the arrow F. This
decreases the level difference between the second raised part
46 and the first raised part 30, making 1t possible to stably curl
the chips generated by the first cutting edge 11 under high
rotational speed. Other constructions are similar to those in
the msert 1 according to the first embodiment.
<Drill>

A first embodiment according to the drill of the present
invention 1s described below 1n detail with reference of FIGS.
8 to 10 by taking, for example, the case of attaching the insert
1 according to the first embodiment. The insert indicated by
the broken line 1n FIG. 10 show the state 1n which the msert
indicated by the solid line 1s rotated 180 degrees. In FIGS. 8
to 10, similar reference numerals are used to denote the com-
ponents similar to those in FIGS. 1 to 7(b) described above,
and the descriptions thereof are omitted.

As shown 1n FIG. 8, the drill 60 according to the present
embodiment includes a holder 61 and a pair of inserts 1. Inthe
drill 60, one of the pair of inserts 1 and the other are attached
to the tip end portions of the holder 61 as an outer insert 1a and
an iner sert 15, respectively.

Specifically, the holder 61 has a substantially columnar
shape and has at 1ts rear end a shank part 62 for fixing the
holder 61 to a machining tool. A chip discharge groove 63 for
discharging chips from the tip end thereof toward the shank
part 62 1s spirally formed along a longitudinal direction.

A first insert pocket 64 (an outer peripheral msert pocket)
for attaching the outer insert 1a, and a second 1nsert pocket 65
(an 1mner peripheral msert pocket) for attaching the inner
isert 15 are respectively disposed at the tip end portions of
the holder 61. The tip ends of both the first insert pocket 64
and the second 1nsert pocket 65 1n the axis direction of the
holder 61 are opened. The radial outside of the first insert
pocket 64 1s also opened.
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The first 1sert pocket 64 1s for detachably attaching the
outer msert 1la and formed radially outside (on the outer
periphery side) in the tip end portion of the holder 61. The
second 1nsert pocket 63 1s for detachably attaching the inner
insert 16 and formed radially iside (on the central axis side)
in the tip end portion of the holder 61. The outer insert 1a for
cutting the outer portion of a bottom face of a hole, and the
inner msert 15 for cutting the inner portion of a bottom face of
a hole are attached 1n different attachment directions from
cach other to the first isert pocket 64 and the second 1nsert
pocket 65, respectively.

In the attachment operation, firstly, the outer msert 1a and
the 1inner insert 15 are put in the first insert pocket 64 and the
second 1nsert pocket 65, respectively. Hereat, as shown 1n
FIGS. 9 and 10, the outer 1nsert 1a and the inner insert 15 are
set so thatthe first cutting edge 11 and the second cutting edge
21 protrude from the axially tip end of the holder 61. Addi-
tionally, the rotation loci of the first cutting edge 11 and the
second cutting edge 21 at the axially tip end are partially
overlapped with each other so as to cover from the axis 66 to
a side face 67 of the holder 61.

All of the first cutting edge 11 and the second cutting edge
21 are not required to protrude from the tip end of the holder
61. That 1s, 1t 1s recommended that at least a part of each
cutting edge protrudes from the tip end of the holder 61
depending on the work material and the cutting conditions.

As shown 1n FIG. 8, fastening screws 51 are inserted into
the through holes 50 of the outer insert 1a and the inner insert
15, respectively, and the tip ends of the fastening screws 51
are screwed 1nto screw holes (not shown) formed 1n the first
isert pocket 64 and the second msert pocket 65, respectively.
Thus, the outer insert 1a and the 1nner insert 15 are attached to
the first insert pocket 64 and the second insert pocket 65,
respectively.

The outer insert 1a and the inner insert 15 attached to their
respective msert pockets are arranged so that their respective
upper faces 2 face the same rotational direction (the direction
indicated by the arrow (). That s, the upper face 2 of the outer
insert 1a and the upper face 2 of the inner isert 15 are 180
degrees opposite from each other. The hole drilling of the
work material 1s carried out with the first cutting edge 11 and
the second cutting edge 21 by rotating the holder 61 around
the axis 66 of the holder 61.

Hereat, as shown 1n FIG. 10, the inner insert 154 1s attached
to the second 1nsert pocket 65 so that an end 21a adjacent to
the bisector L1 of the second cutting edge 21 is located
radially outside. As used herein, the end 21a corresponds to
one of both ends of the second cutting edge 21 which 1is
located adjacent to the corner part 5. Therefore, the mner
insert 15 1s attached to the second insert pocket 65 so that the
corner part 5 1s located radially outside.

This ensures a wide discharge space S of the chips gener-
ated by the second cutting edge 21. That 1s, the wide chip
discharge space S can be ensured 1n the discharge direction of
the chips generated by the second cutting edge 21, namely, the
direction 1n which the chips are moved to the rear end and
radially outward of the holder 61 (the direction indicated by
the arrow H). Consequently, the chips generated by the sec-
ond cutting edge 21 can be smoothly discharged without
causing accumulation thereof.

Onthe other hand, the inner insert 15 has a first cutting edge
11' paired with the first cutting edge 11, and a first raised part
30' paired with the first raised part 30. The first raised part 30’
has a side portion 34' disposed opposite to a side portion 33’
through an upper portion 31'. The side portion 34' 1s inclined
from the upper portion 31' so as to lie at a lower position
toward the second region 22.
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Hereat, the rotational speed at the end 215 (the end located
radially inside) spaced from the bisector L1 of the second
cutting edge 21 1s zero. Therefore, the chips generated by the
second cutting edge 21 have a spiral shape formed by using
the end 215b as the starting point thereof. In the isert 1 1n
which both ends 21a and 215 of the second cutting edge 21
are respectively formed adjacent to the first cutting edges 11
and 11', as 1n the case of the mner insert 15 of the present
embodiment, the side portion 34' of the first raised part 30
located adjacent to the end 215 does not noticeably afiect the
discharge space of the chips generated by the second cutting
edge 21.

It 1s hence possible to form the side portion 34' along a
bisector L9 of the angle formed between the first cutting edge
11' and the second cutting edge 21. Thus, the first raised part
30" 1s formed oppositely over the entire length of the first
cutting edge 11".

As described above, the msert 1 has the 180-degree rota-
tionally symmetric shape with respect to the central axis of
the through hole 50. Similarly, the first raised part 30 1s
formed oppositely on the first cutting edge over the entire
length of the first cutting edge 11. Forming the first raised
parts 30 and 30' over the entire lengths of the first cutting
edges 11 and 11' makes 1t possible to stably curl and smoothly
discharge the chips generated by the first cutting edges 11 and
11'. As a result, the msert 1 can exhibit excellent chip dis-
charge performance on the chips generated by any one of the
fist cutting edges 11 and 11' and the second cutting edge 21.

Second Embodiment

In the drill according to a second embodiment, both of first
and second 1nsert pockets have an axial rake. The drill accord-
ing to the present embodiment 1s described below 1n details
with reference to FIGS. 11 and 12 by taking, for example, the
case of attaching the msert 1 according to the first embodi-
ment. The inserts indicated by the dash-double dot lines 1n
FIGS. 12(a) and 12(5) show the states of the isert units
before being attached to the insert pockets. In FIGS. 11 and
12, similar reference numerals are used to denote the compo-
nents similar to those 1n FIGS. 1 to 10 described above, and
the descriptions thereof are omitted.

As shown in FIG. 11, 1n the dr1ll 70 according to the present
embodiment, the axial rake 01 of a second insert pocket 75 1s
larger than the axial rake 02 of a first insert pocket 74, and
both of the axial rakes 01 and 02 are positive. Thereby, when
the inner insert 15 1s attached to the second 1nsert pocket 75,
as shown 1n FI1G. 12(a), a second region 22 1s inclined toward
the rear end of the holder 71 (1in the direction indicated by the
arrow 1) so as to be retracted with respect to the rotational
direction of the holder 71 (the direction indicated by the arrow
(3). Further, as shown 1n FIG. 12(b), the second region 22 1s
greatly inclined than the first raised part 30 of the outer insert
1a attached to the first insert pocket 74.

Accordingly, even 11 the first raised part 30 1s located at a
higher position than the lower face 4 1n the inert unit, the
second region 22 can be located at a still lower position than
the second cutting edge 21 with the inner insert 15 attached to
the second 1nsert pocket 75. This ensures a wider discharge
space S of the chips generated by the second cutting edge 21.

As described above, both of the axial rakes 01 and 02 are
positive. Therefore, With the inserts 1a and 15 attached to
their respective msert pockets 74 and 75 as shown 1 FIGS.
12(a) and 12(b), the substantial rake angle of the second
cutting edge 21 can be increased, thus improving the cutting
performance thereof.
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The axial rake 01 1s preferably 5 to 10 degrees, and the axaal
rake 02 1s preferably 2 to 7 degrees. Within these numerical
ranges, the axial rake 01 1s preferably greater than the axial
rake 02. As used herein, the axial rake of the msert pocket 1s
an angle formed between a virtual extension line of the seat
face of the 1nsert pocket and the axis of the holder.

That1s, to make the axial rake 01 greater than the axial rake
02, as shown 1n FIG. 11, 1t 1s recommended that the axial rake
91 formed between a virtual extension line L7 of the seat face
75a of the second insert pocket 75 and the axis 76 of the
holder 71 be greater than the axial rake 02 formed between a
virtual extension line L8 of the seat face 74q of the first insert
pocket 74 and the axis 76. These seat faces 74a and 75a mean
the portions of the isert pockets 74 and 75 that are insert
attachment parts, respectively, which are brought into contact
with the lower face 4 of the msert 1.

On the other hand, 1n the present embodiment the land
faces of the lands 72 and 73 with the inserts 1a and 15 attached

to their respective insert pockets 74 and 75 become parallel to
the axis 76 of the holder 71 as shown 1n FIGS. 12(a) and
12(b). This improves the cutting edge strength, making it
possible to reduce the cutting edge chipping.

To set the mdividual land faces into the predetermined
states, the land faces of the lands 72 and 73 are respectively
directed to the first cutting edge 11 and the second cutting
edge 21 and inclined toward the lower surface 4. Hereat, 1t 1s
recommended to employ, as their respective inclination
angles, the angles at which the land faces of the lands 72 and
73 with the 1nserts 1a and 15 attached to their corresponding
isert pockets 74 and 75 become parallel to the axis 76 of the
holder 71.

With the mserts 1a and 15 attached to their corresponding
isert pockets 74 and 75, the clearance angle of the side face
3 along the second cutting edge 2 1s equal to the clearance
angle of the side face 3 along the first cutting edge 11. This
improves the cutting edge strength of the second cutting edge
21, thereby reducing fracture of the second cutting edge 21.

Although the foregoing embodiment has described the
case where both of the axial rakes of the insert pockets 74 and
75 are positive, for example, both of the axial rakes of the first
and second 1nsert pockets may be negative. Alternatively, the
axial rake of the second 1nsert pocket may be positive, and the
axial rake of the first insert pocket may be negative. Other
constructions are similar to those 1n the drill 60 according to
the first embodiment.
<Method of Cutting Work Material>

Next, an embodiment according to the method of cutting a
work material in the present invention 1s described 1n detail
with reference of FIGS. 13(a) to 13(c) by taking, for example,
the case of using the drill 60 according to the first embodi-
ment. In FIGS. 13(a) to 13(c¢), similar reference numerals are
used to denote the components similar to those 1n FIGS. 1 to
12(b) described above, and the descriptions thereof are omit-
ted.

The method of cutting the work material according to the
present embodiment includes the following steps (1) to (1v):

(1) the step of rotating the drill 60 around the axis 66 of the
holder 61 1n the direction indicated by the arrow G as shown
in FIG. 13(a);

(11) the step of bringing the first cutting edge 11 and the
second cutting edge 21 of the drill 60 near the work material
100 by moving the drill 60 1n the direction indicated by the
arrow J as shown 1n FIG. 13(a);

(111) the step of cutting (hole-drilling) the work material 100
by further moving the drill 60 1n the direction indicated by the
arrow J as shown 1n FIG. 13(b) so that at least a part of the first
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cutting edge 11 and at least a part of the second cutting edge
21 of the drill 60 are brought 1nto contact with the surface of
the work material 100; and

(1v) the step of separating the first cutting edge 11 and the
second cutting edge 21 from the work material 100 by moving
the drill 60 1n the direction indicated by the arrow K as shown
in FIG. 13(c¢).

Hereat, the isert 1 according to the first embodiment 1s
attached to the drill 60. Therefore, in the step (111), the cutting
can be carried out while smoothly discharging the chips gen-
crated by both the first cutting edge 11 and the second cutting
edge 21. As aresult, the drill 60 can exhibit excellent machin-
ing accuracy, thus achieving a satisfactory machined surface
on the work material 100 under more severe cutting condi-
tions or high degree of difficulty. The drill 60 1s particularly
suitable for cutting the work material 100 having excellent
ductility, such as a stainless steel or a low carbon steel.

In the step (1), either one of the drill 60 and the work
material 100 may be rotated. In the step (11), the individual
cutting edges 11 and 21 and the work material 100 may be
relatively brought near. For example, the work material 100
may be brought near the individual cutting edges 11 and 21.
Similarly, 1n the step (1v), the work material 100 and the
individual cutting edges 11 and 21 may be relatively sepa-
rated. For example, the work material 100 may be separated
from the individual cutting edges 11 and 21. When the cutting
(machining) 1s continued, the step of bringing the individual
cutting edges 11 and 21 of the drill 60 1nto contact with
different points of the work material 100 may be repeated,
keeping the state 1n which either one of the dnll 60 and the
work material 100 1s rotated. When the cutting edge 1n use 1s
worn, the unused cutting edge may be used by rotating the
msert 1 180 degrees with respect to the central axis of the
through hole 50.

While the several embodiments of the present invention
have been described and 1llustrated above, the present inven-
tion 1s not limited to the inserts and the drills according to
their respective corresponding embodiments, and it may be
an msert and a drill according to an embodiment which 1s a
combination of one embodiment and another embodiment.

For example, the shape of the upper portion of the first
raised part can be made 1n a shape which 1s a combination of
the upper portion 31 of the mnsert 1 according to the first
embodiment and the upper portion 43 of the insert 41 accord-
ing to the second embodiment. That 1s, the upper portion of
the first raised part according to this embodiment 1s inclined
to lie at a lower position toward the second cutting edge, and
also inclined to lie at a lower position toward the center of the
upper face. Thereby, the level difference between the first
raised part and the second region can be decreased, and the
height of the first raised part can be maintained, thus enhanc-
ing the chip discharge performance of both the first and sec-
ond cutting edges. Other constructions are similar to those 1n
the insert according to each of the foregoing embodiments.

The present mvention 1s not limited to the foregoing
embodiments, and various improvements and changes can be
made thereto within the scope of claims. For example,
although 1n the foregoing embodiments the upper portions of
the first and second raised parts are comprised of the inclined
face, the present invention 1s not limited thereto. That 1s, these
upper portions may be a planar one such as a flat face or a
curved face, a ridge, or the like.

Although 1n the msert 1 according to the first embodiment,
the description has been made by taking, for example, the
case where the upper portion 31 of the first raised part 30 1s
located at a higher position than the first cutting edge 11 1n the
thickness direction, the upper portion may be located at the
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same position as the first cutting edge, or alower position than
the first cutting edge as long as it 1s located at a higher position
than the second region 22.

Although 1n the individual embodiments both the first and
second cutting edges have their respective lands, the rake face
may be formed continuously to the cutting edge without
having the land. Although the shapes of the rake face and the
breaker portion are formed in the shape whose cross section 1s
curved, for example, they may be a shape having a flat bottom
face between the rake face and the breaker portion. Alterna-
tively, like a rake face having a two-step rake angle, one
whose rake face 1s comprised of a plurality of faces may also
be employed.

Although 1n the drills according to the individual embodi-
ments the description has been made by taking, for example,
the case of attaching the insert 1 according to the first embodi-
ment, 1t 15 capable of exhibiting excellent chip discharge
performance 11 the 1nsert 41 or 45 according to the second or
third embodiment is attached instead of the insert 1.

The mvention claimed 1s:

1. A dnll 1nsert with a corner part and an upper face, the
upper face having a first side and a second side disposed on
both sides of the corner part, respectively, comprising:

a first cutting edge formed along the first side;

a second cutting edge formed along the second side;

a first region of the upper face located along the first cutting,

edge;

a second region of the upper face located along the second

cutting edge; and

a first raised part which 1s disposed 1n the first region and 1s

configured to lie at a higher position than the second
region, wherein

the first raised part comprises an upper portion, a breaker

portion configured to be inclined so as to become lower
as the first raised part extends from the upper portion
toward the first cutting edge, and a side portion config-
ured to be inclined so as to become lower as the first
raised part extends from the upper portion toward the
second region, and

the first raised part 1s disposed at a position closer to the

first cutting edge than a bisector of an angle formed
between the first cutting edge and the second cutting
edge when viewed from above, and

an 1nclination angle of the side portion 1s increased as the

side portion extends toward a center of the upper face.

2. The drill 1nsert according to claim 1, wherein the first
raised part 1s formed so as to become further away from the
bisector as the first raised part extends toward a center of the
upper face when viewed from above.

3. The dnll mnsert according to claim 1, wherein an angle
between the second cutting edge and the side portion when
viewed from above 1s 85 to 95 degrees.
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4. The dnll insert according to claim 1, wherein the upper
portion 1s inclined so as to become at a lower position as the
upper portion extends toward the second cutting edge.

5. The dnill 1nsert according to claim 1, wherein the upper
portion 1s inclined so as to become at a lower position as the
upper portion extends toward a center of the upper face.

6. The drill insert according to claim 1, wherein the upper
portion 1s inclined so as to become at a lower position as the
upper portion extends toward the second cutting edge and
also inclined to become at a lower position as the upper
portion extends toward a center of the upper face.

7. The dnll insert according to claim 1, further comprising
a second raised part disposed in the second region so as to lie
at a lower position than the first raised part, wherein

the second raised part comprises an upper portion, and a
breaker portion inclined so as to become at a lower
position as the second raised part extends from the upper
portion toward the second cutting edge.

8. The dnill insert according to claim 7, wherein the upper
portion of the second raised part 1s inclined so as to become at
a higher position as the upper portion extends toward the first
cutting edge.

9. A dnll, comprising:

a holder comprising a first insert pocket formed at an outer
periphery side of a tip end portion thereof, and a second
insert pocket formed at a central axis side of the tip end
portion thereof; and

a pair of the drill inserts, each drill insert being according to
claim 1, wherein

one of the pair of the drill inserts 1s attached to the first
insert pocket so that at least a part of the first cutting edge
protrudes from the tip end of the holder, and the other 1s
attached to the second 1nsert pocket so that at least a part
of the second cutting edge protrudes from the tip end of
the holder.

10. The drill according to claim 9, wherein an axial rake of
the second insert pocket 1s larger than an axial rake of the first
insert pocket.

11. The drill according to claim 10, wherein both of the
axial rake of the first insert pocket and the axial rake of the
second 1nsert pocket are positive.

12. A method of cutting a work material, comprising:

rotating one selected from the group consisting of the drill
according to claim 9 and a work material;

bringing the first cutting edge and the second cutting edge
of the drill closer to the work material:;

cutting the work material by bringing the first cutting edge
and the second cutting edge of the drill into contact with
the surface of the work material; and

separating the first cutting edge and the second cutting
edge from the work matenal.
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